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The work presented in this thesis demonstrates that it is possible to simulate some
fundamental quantum phenomena (such as single-photon Mach-Zehnder interference
experiments and Einstein-Podolsky-Rosen-Bohm experiments with photons and the
like) on an event-by-event basis that is without solving the Schro¨dinger equation
and without relying on concepts of quantum theory.
In Chapter 2, we introduced the simulation algorithm. We mainly described the
essential component of the processing unit, that is a deterministic learning machine
which has a primitive learning capability and works in a deterministic event-by-
event way. Based on the analysis of the dynamic behavior of the learning machine,
we have shown how the machine can generate the same probability distribution as
those predicted by quantum theory.
In Chapter 3, we discussed the so-called inherent randomness of quantum theory.
We have shown results of some statistical analysis of the binary sequences simulated
according to a real quantum random number generator [24].
In Chapter 4, we have shown that single-photon Mach-Zehnder interference ex-
periments can be simulated on an event-by-event basis by using the local, causal,
deterministic learning machine introduced in Chapter 2. We presented also an event-
based simulation of an almost ideal experimental realization of Wheeler’s delayed-
choice gedanken experiment and which is a one-to-one copy of an experiment re-
ported recently [31]. The model is solely based on experimental facts, satisfies
Einstein’s criterion of local causality and does not rely on any concept of quantum
theory. Nevertheless, the simulation model reproduces the averages as obtained
from the quantum-theoretical description of Wheeler’s delayed-choice experiment.
Our results prove that it is possible to give a particle-only description of Wheeler’s
delayed-choice experiment which reproduces the averages calculated from quantum
theory and which does not defy common sense.
In Chapter 5, we have presented an event-based simulation algorithm that simulates
Aspect-type Einstein-Podolsky-Rosen-Bohm experiments. In the simulation, every
essential component of the real laboratory experiment has a counterpart in the al-
gorithm. In particular, the algorithm that simulates the polarizer reproduces Malus
law. The simulation algorithm identifies pairs based on the time-tag of each detec-
tion event, using a time window W and allowing for several different procedures to
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define which two photons form a pair, just as in real laboratory experiments. In
this chapter, we have demonstrated that a simulation model that strictly satisfies
Einstein’s criteria of locality can reproduce, event-by-event, the quantum theoretical
results for Einstein-Podolosky-Rosen-Bohm experiments with photons, without us-
ing a single concept from quantum theory. We have given a rigorous proof that this
model reproduces the single-particle expectations and the two-particle correlation
of two S = 1/2 particles in the singlet state and product state.
In Chapter 6, we have demonstrated that universal quantum computers can also
be simulated in an event-based way by networks of locally connected processing
units with primitive learning capability. Since it is known that the time evolution of
the wave function of a quantum system can be simulated on a quantum computer
[7], it should thus be possible to simulate real-time quantum dynamics through a
deterministic event-based simulation. The work presented in this chapter shows
that there exist deterministic, particle-like processes that generate the probability
distributions of quantum theory.
In Chapter 7, we applied the event-based simulation algorithm to quantum cryptog-
raphy protocols. The algorithm that generates the events does not solve any quan-
tum mechanical equation, thereby circumventing the fundamental problems arising
from the quantum measurement paradox. Our simulation data for the BB84 and
the Ekert protocol are, in all respects, in excellent agreement with the theoretical
expectations.
All the results presented in the thesis suggest that we may have discovered algorithms
that do not rely on concepts of quantum theory, but are able to simulate quantum
phenomena using classical, causal, local, and event-based processes.
